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(54) SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor light emitting device for obtaining a white 
light emission having a uniform chromaticity in total 
bearing from a light emitting element, even without 
accurate formation of a layer or a package of a resin 
containing a phosphor necessary for wavelength 
conversion of blue light. 

SOLUTION: The surface of the light emitting element 3 
including at least a light emitting surface is covered with 
a wavelength conversion layer 6 for converting the light 
wavelength of the element 3 with the contained 
phosphor. Further, the surface of the layer 6 is covered 
with a light diffusion layer 7 for scattering the light 
directed from the layer 6 itself toward outward to return 

the part of the light to the layer 6. Thus, the wavelength converted light is diffused as it is by 
the layer 7, and radiated. The phosphor is re-stimulated by the partial light returned to the 
layer 6 and further expedited to obtain white light. 
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(54) SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
light emitting device for obtaining a white light emission 
having a uniform chromaticity in total bearing from a 
light emitting element, even without accurate formation 
of a layer or a package of a resin containing a phosphor 
necessary for wavelength conversion of blue light. 
SOLUTION: The surface of the light emitting element 3 
including at least a light emitting surface is covered with 
a wavelength conversion layer 6 for converting the light 
wavelength of the element 3 with the contained 
phosphor. Further, the surface of the layer 6 is covered 
with a light diffusion layer 7 for scattering the light 
directed from the layer 6 itself toward outward to return 
the part of the light to the layer 6. Thus, the wavelength 
converted light is diffused as it is by the layer 7, and 
radiated. The phosphor is re-stimulated by the partial 
light returned to the layer 6 and further expedited to 
obtain white light. 
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CLAIMS 

[Claim(s)] ~— 
[Claim 1]It is the semiconductor emission device which covered the surface of a light emitting 
device which includes a light-emitting surface at least with a wavelength conversion layer which 
changes a luminous wavelength of said light emitting device with a content fluorescent 
substance, A semiconductor emission device covering with a light diffusion layer which scatters 
light which goes the surface of said wavelength conversion layer outside from the wavelength 
conversion layer concerned, and returns a part of light to said wavelength conversion layer. 
[Claim 2]The semiconductor emission device according to claim 1, wherein said light diffusion 
layer is a molding layer which mixed Si0 2 into transparent resin. 

[Claim 3]The semiconductor emission device according to claim 1 or 2 closing said light diffusion 
layer with resin of a transparent light transmittance state. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the semiconductor emission device which carries 
out wavelength changing of the luminescence by the light emitting diode of blue light, for 
example, and obtained white light, especially relates to the semiconductor emission device in 
which white light is possible with a uniform chromaticity regardless of the direction of a 
luminescence observation surface. 
[0002] 

[Description of the Prior Art]The light emitting diode (it is hereafter described as "LED") of blue 
light becomes these days, and a product with high light emitting luminance came to be obtained 
by using GaN system compound semiconductors, such as GaN, GaAIN and InGaN, and InAIGaN. 
And formation of the high-definition full color image which makes three of such LED 1 dot was 
attained with the combination of this LED of blue (B), and LED of the red (R) from the former, 
and green (G) luminescence. 

[0003]Since trichromatic R of light, G, and B (blue) are required for full color correspondence in 
the field of LED, the much more development and improvement of LED of these luminescent 
color are main. It is one of these and the trial which is going to attain the white light obtained 
only, for example by composition of R, G, and B by single LED is also already made. As one of 
such the trials, there are some which were indicated by JP,7-99345,A, for example. 
[0004]LED given in this gazette is taken as the so-called type of the LED lamp closed with resin 
(not shown) including the mount part 51a of the leadframe 51 which carries the light emitting 
chip 50, as shown in the schematic diagram of drawing 3 . And in order to make the luminous 
wavelength of the light emitting chip 50 into the luminescent color which changed and differed, it 
has the composition closed by the resin 52 which contained the fluorescent substance in the 
surrounding mount part 51a of the light emitting chip 50. Namely, it replaces with what was being 
closed by the monolayer of the epoxy resin which serves also as a lens function while covering 
with the conventional LED lamp including the tip part of a leadframe in which a light emitting chip 
is carried, The resin layer for wavelength changing is formed in the circumference of a light 
emitting chip, and the surroundings of it are closed with an epoxy resin. 
[0005]By closing the light emitting chip 50 by the resin 52 containing such a fluorescent 
substance for wavelength changing, the wavelength of the blue light from the light emitting chip 
50 is changed with a fluorescent substance, and the blue light emitting chip using a high- 
intensity GaN system semiconductor can be used now as a device of white light. That is, in the 
case of the light emitting chip 50 of the blue light using a GaN system compound semiconductor, 
white light is obtained with the mixed colors of the ingredient of the blue light of itself, and the 
yellow-green ingredient by which wavelength changing was carried out with the fluorescent 
substance contained in the resin 52. 

[0006]It can replace with the LED lamp which carries a light emitting chip in the mount part of 
drawing 3 , and carries out a resin seal to an artillery shell type, and white light can be obtained 
by the resin layer which contains a fluorescent substance similarly also about the semiconductor 
emission device which carries out the surface mount of the light emitting chip to a printed- 
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circuit board, and carries out a resin seal. As an example of such a semiconductor emission 
device, JP,1 1r31845,A has a thing of a statement, for example. This applies the layer of 
adhesives on the main light drawing side of the light emitting chip by which mounting loading was 
carried out on the printed-circuit board, and makes the layer of a fluorescent substance adhere 
to the upper surface. 

[0007]The applicant for this patent proposed the semiconductor device of the white light which 
closed the surroundings of the light emitting device which placed the electrode by the side of p 
and n upside down, and mounted it on the submount element with the resin package containing a 
fluorescent substance, and applied as Japanese Patent Application No. No. 3788 [ 1 1 to ]. Also 
in the semiconductor emission device concerning this application, wavelength changing of the 
blue light from a light emitting device is carried out with a fluorescent substance, and white light 
is made possible. 
[0008] 

[Problem(s) to be Solved by the Invention]Since the inner surface of the mount part 51a in 
which the light emitting chip 50 is carried is used as a light reflection surface in the case of a 
LED lamp, it is effective to make the mount part 51a into the shape of an earthenware mortar 
like the example of a graphic display. However, as it indicates (a) of drawing 3 that the mount 
part 51a is an earthenware mortar-like, thickness [ of the light-emitting direction of the light 
emitting chip 50 and the resin 52 of the side ] A differs from B in many cases. The difference of 
such thickness A and B changes variously with the shape of the mount part 51 a f the size of the 
light emitting chip 50, the restoration thickness of the resin 52, etc. For this reason, if these 
conditions can be optimized, thickness of the resin 52 can be made uniform in all the directions 
of the circumference of the light emitting chip 50. However, since the resin 52 is poured into the 
mount part 51a by a dispenser, it is dramatically difficult to control the thickness by high degree 
of accuracy, and, under the present circumstances, it is impossible to equalize the thickness of 
the resin 52 of not only the relation of the thickness of A like a graphic display and B but the 
circumference of the light emitting chip 50. 

[0009]If the thickness of the resin 52 of the circumference of the light emitting chip 50 differs, 
the rate that the blue light from the light emitting chip 50 is changed into yellowish green will 
also become high, so that thickness is large. For this reason, in the direction of thickness A, 
even if good white light is obtained, in the portion near the inner skin of the mount part 51a of 
the direction of thickness B, a yellow-green ingredient comes to exceed white. Therefore, since 
it is luminescence which makes a reflector the bottom and inner skin of the mount part 51a, in 
the center section, it will be luminescence which white occupied and is tinged with yellowness in 
an edge part. 

[0010]There is same problem also in what closes the circumference of the flip chip type light 
emitting device of application of what, on the other hand, makes the main light drawing side of a 
light emitting device counter a previous gazette like a statement, and forms a resin layer, and the 
point by an applicant for this patent with the resin package of fluorescent substance content. 
That is, it is difficult to form the layer which contains a fluorescent substance from the limit on 
the production technology in closure by spreading and the resin package of a resin layer so that 
it may become uniform thickness to the perimeter enclosure as opposed to the main light 
drawing side of a light emitting device. For this reason, when it sees from all the observation 
surfaces, dispersion in a chromaticity comes to be conspicuous [ when the resin layer containing 
a fluorescent substance is thicker than a predetermined value, the light from a light emitting 
device comes appropriate for green, it becomes luminescence which is bluish when thinner than 
the predetermined value and ]. 

[001 1]Thus, even if it carries out the tunic of the circumference of the light emitting device of 
blue light with the layer and package of resin containing a fluorescent substance, since the rate 
of wavelength changing changes according to these layers and the thickness of a package, 
uniform white light is not obtained. Therefore, when chromaticity difference appears greatly and 
includes in light sources for back lights, such as a liquid crystal display panel, by the direction to 
see, there is a problem that chromaticity unevenness occurs. 

[0012]An object of this invention is to provide the semiconductor emission device with which the 
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white light of a uniform chromaticity is obtained from a light emitting device in an omnidirection 
even if the Jayer of resin or shaping of a package containing a fluorescent substance required for 
the wavelength changing of blue light is not obtained with high degree of accuracy. 
[0013] 

[Means fpr Solving the Problem]This invention is the semiconductor emission device which 
covered the surface of a light emitting device which includes a light-emitting surface at least 
with a wavelength conversion layer which changes a luminous wavelength of said light emitting 
device with a content fluorescent substance, It covered with a light diffusion layer which 
scatters light which goes the surface of said wavelength conversion layer outside from the 
wavelength conversion layer concerned, and returns a part of light to said wavelength conversion 
layer. 

[0014]In such composition, a light diffusion layer is good also as what could consider it as a 
molding layer which mixed Si0 2 into transparent resin, and closed a light diffusion layer with 

resin of a transparent light transmittance state. 
[0015] 

[Embodiment of the Invention]The invention according to claim 1 the surface of a light emitting 
device which includes a light-emitting surface at least, It is the semiconductor emission device 
covered with the wavelength conversion layer which changes the luminous wavelength of said 
light emitting device with a content fluorescent substance, It is a semiconductor emission device 
covering with the light diffusion layer which scatters the light which goes the surface of said 
wavelength conversion layer outside from the wavelength conversion layer concerned, and 
returns a part of light to said wavelength conversion layer. By returning a part to a wavelength 
conversion layer, a fluorescent substance is re-excited and the operation of urging whitening is 
carried out at the same time it diffuses outside the light by which wavelength changing was 
carried out and emits it by a light diffusion layer. 

[0016]The invention according to claim 2 has the operation that said light diffusion layer is the 
semiconductor emission device according to claim 1 being the molding layer which mixed Si0 2 , 
and can form a light diffusion layer cheaply into transparent resin. 

[0017]While being the semiconductor emission device according to claim 1 or 2, wherein the 
invention according to claim 3 closes said light diffusion layer with resin of a transparent light 
transmittance state, protecting a light diffusion layer and raising durability, It has the operation 
that the degree of axial Uemitsu can be raised, by making resin of a light transmittance state 
into lens shape. 

[0018]Hereafter, an embodiment of the invention is described based on a drawing. 
[0019]DrjwmgJLjs outline drawing of longitudinal section of the semiconductor emission device 
by the 1 embodiment of this invention. 

[0020]Like a graphic display, the semiconductor emission device of this invention uses as the 
main members the transparent resin package 4 closed including the mounting board 1, the 
submount element 2 carried on it, the light emitting devices 3 carried on it, and these submount 
elements 2 and light emitting devices 3. And the resin layer of the fluorescent substance for 
whitening and the resin layer for chromaticity equalization by an optical diffusion are formed in 
the surroundings of the light emitting device 3, respectively so that it may mention later. 
[0021]The mounting board 1 is insulation, and it forms with plating through this slit using what 
cut the slit open to the substrate material of the wafer state like the conventional flip chip type 
semiconductor light emitting element applying the electrodes 1a and 1b to rear surface both 
sides of the mounting board 1. The resin package 4 closes the surface of the substrate material 
of a wafer state by resin mounting of the submount element 2 and the light emitting device 3, 
and after wirebonding, and is created by dicing of a final process as the mounting board 1 and 
the resin package 4 of shape of a graphic display. 

[0022]The submount element 2 is a thing using the n type silicon substrate 2a f and n electrode 
2b by which flow loading is carried out is formed in the electrode 1a of the mounting board 1 at 
the bottom of this silicon substrate 2a. The n lateral electrode 2d in contact with the p lateral 
electrode 2c in contact with the p type semiconductor region formed in a part of this silicon 
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substrate 2a and a n type semiconductor region is formed in the upper surface of the silicon 
substrate 2a, .respectively. 

[Q023]the light emitting device 3 is LED using the GaN system compound semiconductor 
described by the paragraph of conventional technology of high-intensity blue light. This light 
emitting device 3 laminates the n type layer of GaN, the active layer of InGaN, and the p type 
layer of GaN on the surface of the substrate 3a made from sapphire, for example. And 
conventionally, as everyone knows, etch a part of p type layer, and a n type layer is exposed, 
The n lateral electrode 3b was formed in the surface of this exposed n type layer, the p lateral 
electrode 3c was formed on the surface of the p type layer, and the p lateral electrode 2c of the 
submount element 2 and the p lateral electrode 3c are joined to the n lateral electrode 2d of the 
submount element 2 respectively via a bump electrode for the n lateral electrode 3b. 
[0024]Bonding of the wire 5 is carried out between the p lateral electrode 2c of the submount 
element 2, and the electrode 1b of the mounting board 1. The mounting board 1 makes it flow 
through the light emitting device 3 in the power supply circuit side via the submount element 2 
by being mounted in wiring boards, such as electronic equipment, and carrying out mounting 
loading of each electrode 1a and 1b at the circuit pattern of this wiring board. The resin package 
4 is made from the epoxy resin of the light transmittance state currently used in the field of the 
LED lamp from the former. 

[0025]Here, in this invention, while carrying out the tunic of the surroundings of the light emitting 
device 3 by the wavelength conversion layer 6, the tunic of the whole surface of this wavelength 
conversion layer 6 is carried out by the light diffusion layer 7. The wavelength conversion layer 6 
mixes the fluorescent substance for changing the blue light of the light emitting device 3 white in 
an epoxy resin, as written also in the application specification of Japanese Patent Application 
No. No. 3788 E 1 1 to ] explained previously. The fluorescent substance which changes this blue 
light into white light has a relation of the blue and the complementary color which are the 
luminescent color of the light emitting device 3, and fluorescent dye, a fluorescent pigment, a 
fluorescent substance, etc. are just used for it, for example (Y, Gd) 3 (aluminum, Ga) 5 0 12 :Ce etc. 

are preferred for it. The light diffusion layer 7 is for re-exciting dispersion and the white 
conversion by a fluorescent substance after carrying out scattered reflection and returning a 
part of light to the wavelength conversion layer 6 for the light by which wavelength changing was 
carried out by the wavelength conversion layer 6, and mixes Si0 2 in an epoxy resin. 

[0026]Although the wavelength conversion layer 6 changes the blue light from the light emitting 
device 3 into white light, it depends for the conversion efficiency on the thickness of the 
wavelength conversion layer 6. That is, it becomes the luminescent color which is greenish when 
the wavelength conversion layer 6 was thicker than the predetermined value as mentioned 
above, if thinner than a predetermined value, blueness will become luminescent color [ strong ], 
and the light from the luminescence observation surface of a portion where thickness differs 
serves as a color tone from which it separated from white light easily. Therefore, the thickness 
of the wavelength conversion layer 6 is the thickness same in the omnidirection of the light 
emitting device 3, and it is preferred to set up so that it can change into white light at the 
optimal efficiency. However, as explained previously, it is dramatically difficult to fabricate the 
wavelength conversion layer 6 in uniform thickness from the field of the present production 
technology. 

[0027]On the other hand, since the light diffusion layer 7 covers the surface of the wavelength 
conversion layer 6 with this invention, it is light-spread or the light which escaped from the 
wavelength conversion layer 6 is reflected irregularly by Si0 2 mixed in the light diffusion layer 7. 

That is, the light which entered into the light diffusion layer 7 from the wavelength conversion 
layer 6 is divided into the ingredient irradiated outside by discharge or diffusion by Si0 2 as it is, 
and the ingredient which is reflected by Si0 2 and returned to the wavelength conversion layer 6. 

At this time, the fluorescent substance in the wavelength conversion layer 6 is re-excited, white 
conversion is promoted further, this white light by which conversion promotion was carried out 
enters into the light diffusion layer 7, and the light returned to the wavelength conversion layer 6 
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is emitted outside. 

[0028]In the above composition, if it energizes to the light emitting device 3. the light from the 
hjminous layer will be emitted. In this case, in the light emitting device 3 of the blue light of the 
GalM system compound semiconductor using the substrate 3a of transparent sapphire, although 
the upper surface of the substrate 3a is made into a main light drawing side, light is emitted also 
from the bottom and the side of the semiconductor thin film layer which laminated the substrate 
3a to this, and the surface of the whole light emitting device 3 emits light to about 1 appearance. 
And while escaping from the wavelength conversion layer 6 containing a fluorescent substance 
wavelength changing of the light from the light emitting device 3 is carried out white, and it is 
emitted from the light diffusion layer 7. 

[0029]Here, since the light diffusion layer 7 is a resin layer which mixed Si0 2 , as above- 
mentioned, a part of light from the wavelength conversion layer 6 receives the scattered 
reflection by Si0 2 . and it is returned to the wavelength conversion layer 6. Therefore, again, with 
the fluorescent substance of the wavelength conversion layer 6. wavelength changing of a part 
of light emitted from the light emitting device 3 is carried out. and it is urged to whitening For 
this reason, even if the thickness of the wavelength conversion layer 6 is not uniform, efficient 
whitening by re-excitation of the return of the light from the light diffusion layer 7 and a 
fluorescent substance can be attained. Since light diffuses by Si0 2 mixed in the light diffusion 
layer 7, white light uniform about the omnidirection of the light emitting device 3 is obtained. 
[0030]Thus, since diffusion of emitted light is attained simultaneously with promotion of white 
wavelength changing by having formed the light diffusion layer 7 in the surroundings of the 
wavelength conversion layer 6, even if it does not carry out entropy of the thickness of the 
wavelength conversion layer 6 with high degree of accuracy, white light without chromaticity 
unevenness becomes possible. 

[0031] Drawing _2_is outline drawing of longitudinal section of the example which was mounted in 
the mount part of a leadframe like the conventional example of drawing 3 . and was used as the 
artillery shell type LED lamp. It points with numerals common about the same members forming 
as the example of drawing 1 . and the detailed explanation is omitted. 
[0032]in drawing^ -- two forks — the mount part 10b is formed in one lead 10a of the 
leadframe 10 of **. mounting loading of the compound light emitting element which becomes this 
mount part 10b from the submount element 2 and the light emitting device 3 is carried out, and it 
is closed with the resin package 1 1 by an epoxy resin. The conduction mechanism of the 
submount element 2 and the light emitting device 3 is completely the same as that of the 
example of drawingj_, carries out flow loading of the n electrode 2b of the bottom of the 
submount element 2 at the mount part 10b. and is carrying out bonding of between the p lateral 
electrode 2c of the upper surface of the submount element 2, and the leads 10c of another side 
with the wire 1 2. 

[0033]ln the mount part 10b, the epoxy resin which mixed the fluorescent substance like the 
previous example is poured in by a dispenser, and the wavelength conversion layer 13 which 
covers the submount element 2 and the whole light emitting device 3 by this is formed And the 
light diffusion layer 14 made from the epoxy resin which mixed Si0 2 with a dispenser or coating 
tools is formed in the surface of this wavelength conversion layer 1 3. 

[0034]Also in this example, when escaping from the wavelength conversion layer 13. wavelength 
changing of the light from the light emitting device 3 is carried out to white light, a part escapes 
from the light diffusion layer 14 as it is, and is emitted, and the remainder carries out the action 
in which scattered reflection is carried out by Si0 2 mixed in the light diffusion layer 14 and which 
returns to the wavelength conversion layer 13 by it. Therefore, the uniform luminescent color 
without chromaticity unevenness can be emitted to an omnidirection like the example of drawing 
1_according to promotion of whitening by re-excitation of the fluorescent substance of the 
wavelength conversion layer 13, and the synergistic effect of the optical diffusion by Si0 2 of the 
light diffusion layer 14. In particular, the resin injection by a dispenser performs the wavelength 
conversion layer 13, the wavelength conversion layer 13 is formed in convex mountain shape like 
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a graphic display, and even if between the optical drawing sides of the upper surface of the light 
emitting device 3 is not parallel and thickness difference is large, good white light is acquired 
with the function of the light diffusion layer 14. 

[0035]Although what mixed the fluorescent substance in the epoxy resin was formed in the 
surroundings of the light emitting device 3 as the wavelength conversion layers 6 and 13 in an 
above embodiment, it is good also as a thing which replaced with this and made the fluorescent 
substance adhere to the surface of the light emitting device 3. Namely, what is necessary is to 
apply to the light-emitting surface of the light emitting device 3 fluorescent dye. such as 3 (Y. Gd) 
(aluminum. Ga) 5 O t2 :Ce illustrated previously, a fluorescent pigment, a fluorescent substance, 
etc. as it is. and just to form a fluorescent substance layer. The blue light from the light emitting 
device 3 is convertible for white light also by such a fluorescent substance layer 
[0036] ' 

[Effect of the Invention] Even if it does not form in uniform thickness the wavelength conversion 
layer which carries out wavelength changing of the light of a light emitting device in this 
invention. While diffusing outside the light by which wavelength changing was carried out and 
emitting it by a light diffusion layer by the light diffusion layer provided in the surface by 
returning a part to a wavelength conversion layer, a fluorescent substance can be re-excited and 
whitening can be urged. Therefore, the white light of a uniform chromaticity and a color tone can 
be obtained to the omnidirection of a light emitting device by diffusion and promotion of 
whitening, and it can use effectively as a light source of various kinds of uses. 
[0037]Since control of a chromaticity can also be performed by changing the quantity of 
Aspersing agents, such as Si0 2 mixed in a light diffusion layer, the chromaticity of coloring can 

be adjusted delicately and the product which matched the luminescent color demanded can be 
created. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

iDrawing jQOutline drawing of longitudinal section of the semiconductor emission device by the 1 
embodiment of this invention 

[Drawing 2] Outline drawing of longitudinal section of the semiconductor emission device of the 
example used as the LED lamp type which carried and carried out the resin seal to the mount 
part of the leadframe 

[Drawing 3] It is the conventional example which closed the light emitting device of blue light by 
the wavelength conversion layer which mixed the fluorescent substance in resin, and (a) is the 
outline drawing of longitudinal section, 
(b) is an outline top view. 
[Description of Notations] 
1 Mounting board 

1 a and 1 b Electrode 

2 Submount element 
2a Silicon substrate 
2b n electrode 

2c p lateral electrode 
2d n lateral electrode 

3 Light emitting device 
3a Substrate 

3b n lateral electrode 
3c p lateral electrode 

4 Resin package 

5 Wire 

6 Wavelength conversion layer 

7 Light diffasion layer 

10 Leadframe 
10a Lead 

1 0b Mount part 
10c Lead 

1 1 Resin package 

12 Wire 

13 Wavelength conversion layer 

1 4 Light diffusion layer 



[Translation done.] 
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